Additional index words. 1584 Poncirus trifoliata · Milam hybrid, C-35 citrange, Citrus paradisi, crop value, fruit size distribution Abstract. A rootstock trial with a 'Marsh' grapefruit (Citrus paradisi Macf.) scion was established in the flatwoods of the Florida east coast Indian River region in 1990. The trees were planted in an Alfisol of the Pineda series. The trial consisted of trees on 16 rootstocks, primarily citranges [C. sinensis (L.) Osb. · Poncirus trifoliata (L.) Raf.], citrumelos (C. paradisi · P. trifoliata), mandarins (C. reticulata Blanco) and various hybrids, in three or six replicates of three-tree plots in a randomized complete block design. Tree growth and survival, yield, and juice quality were measured annually or periodically for 10 years. In three seasons, whole-tree crops were sized in the field. Using the fruit size distribution data, crop value or income/tree was estimated. Tree height after 10 years ranged from 1.7 to 4.1 m and survival was greater than 90% with a few exceptions. Mean cumulative yield was 1202 kg/tree and ranged from 649 (Hamlin + Flying Dragon trifoliate orange) to 1615 kg/tree for a hybrid of trifoliate orange · Milam. At tree age 9 years, mean soluble solids production was 3594 kgÁha L1 with a 240% difference between the lowest and highest value. There were differences in the distribution of four commercial-sized categories based on analysis of individual sizes and using PROC FREQ to examine and compare whole-tree distributions. When the yield and fruit size data were combined for 3 years and converted to income/tree using commercial Florida Freight On Board prices in November and March, the trees on a trifoliate orange · Milam hybrid (1584) had the highest estimated income ($354 U.S., March data) followed by Calamandarin ($321) and Norton citrange ($292). The lowest income/tree was $112 (Hamlin + Flying Dragon trifoliate orange). When all data were considered, the best matches to current grower interest in smaller sized trees, and high yield and fruit quality, were the hybrid 1584 and C-35 citrange rootstocks.
The Florida grapefruit industry built its reputation largely on fresh fruit grown in the Indian River region along the east coast (Stover and Castle, 2002) . The particular combination of soils, climate, and the use of sour orange (C. aurantium L.) rootstock resulted in the production of fruit with high external and internal quality. Trees on sour orange rootstock are well known for producing excellent quality fruit and for thriving well in many challenging types of sites related to soils and drainage that exist in the Indian River region. However, in recent years, the importance of sour orange declined because of continuing problems with citrus tristeza virus (CTV), which was exacerbated with the arrival of the efficient insect vector, the brown citrus aphid, Toxoptera citricida (Kirkaldy), in 1995. Growers need information about alternative rootstocks to replace sour orange. Attempts to discover other rootstocks with qualities equal or sufficiently similar to those of sour orange have not been very successful (Castle et al., 1992) . Moreover, the long-term implication from introducing new rootstocks must be carefully evaluated. For example, Swingle citrumelo became a general purpose rootstock for the Florida industry leading to its use as a rootstock for grapefruit throughout the state (Castle et al., 1988; Division Plant Industry, Bureau Citrus Budwood Registration, 2010; Stover and Castle, 2002) . However, it was eventually learned that it was not well suited to certain Alfisols and related site conditions where an argillic or clay horizon was within %45 cm of the surface (Bauer et al., , 2007 Castle and Bauer, 2005) .
Grapefruit remains a popular crop in Florida, but the industry has shifted from growing mainly 'Marsh,' a white cultivar, to red and deep red cultivars such as 'Ray Ruby', 'Redblush', and 'Rio Red'. Furthermore, the proportion of the crop used as fresh fruit has declined. Currently there are %31,000 bearing ha of grapefruit in the United States of which 19,500 (63%) are in Florida (Fla. Agric. Stat. Serv., 2010) . Of the Florida-grown grapefruit, %73% were processed in the 2009-2010 season. Of the fresh-market grapefruit raised in Florida, 53% in the 2008-2010 seasons were exported to Japan. It is well known among Florida grapefruit growers and packers that Japanese buyers impose high standards on both internal and external (fruit size) quality. Thus, there is a continuing need to identify and evaluate suitable rootstocks that are tolerant of CTV, thrive under a range of soil conditions, and induce good fruit quality, especially high soluble solids concentration and fruit sizes. The objectives of this study were to evaluate a series of rootstocks for tree growth, fruit internal quality, yield, whole-tree fruit size distribution, and to conduct an economic interpretation of those combined data from a freshmarket perspective.
Materials and Methods
Plant material and propagation. The rootstocks were mostly citranges plus a few commercial rootstocks and somatic and other hybrids (Table 1) . Sour orange was not included because of the risk of CTV. Nursery trees were produced in a commercial nursery using rootstock seeds provided from certified local sources. Seedlings were budded with 'Marsh' grapefruit scion, clone F57-4-X-E, for which the budwood source had been tested for viruses and viroids and no CTV, xyloporosis (X), or exocortis (E) was detected.
Field trials. The commercial field site (lat. 27°27#13.46$; long. 80°33#58.83$; elevation, 7.3 m) was located west of Fort Pierce, FL, and had been planted with citrus that was removed about 1 year before planting this trial. The soil series at the site was mapped as Pineda, an Alfisol in the family of Arenic Glossaqualfs. The surface 15 cm is dark brown sand underlain by 30 to 50 cm of a brownish yellow argillic horizon. At the south end of the trial area was Riviera, a closely related series, but with the clay or argillic layer usually closer to the surface than in soils of the Pineda series. The south end of the site was not as well drained and was generally wetter, which negatively influenced tree performance.
The site was typical of the Indian River region in that drainage was provided by dredging perimeter ditches. Shallow furrows were excavated in the planted area and the soil used to form double-row beds on which the trees were planted. Such beds are typically %15 m wide and 0.5 to 1 m above the natural landscape. Trees on 16 rootstocks were planted 4.6 m in the row and 6.7 m between rows in Sept. 1990 in a randomized complete block design with six replicates of 14 rootstocks and three replicates of four rootstocks in three-tree plots in the tree row. The different number of replicates was the result of space limitations and tree availability. The trees on a few rootstocks were not planted until Mar. or Sept. 1991. The trial was irrigated with a microsprinkler system, which also provided cold protection. The trees were cultured with local standards for fresh fruit including regular fertilization with dry materials at the annual rate of %180 kgÁha -1 (Obreza and Morgan, 2008; Rogers et al., 2012) . The trees were topped mechanically every %2 to 3 years at 4 to 5 m height. At the time of this trial, citrus canker was just becoming a problem but did not affect the conduct of the trial and Huanglongbing had not yet been discovered in Florida.
Data collection and analysis. Tree height was measured in 1994, 1997, and 2001 along with tree survival. Annual samples of 50 fruit were collected from each plot near the time of harvest. Juice was extracted and analyzed with standard commercial equipment at the Citrus Research and Education Center, Lake Alfred (Wardowski et al., 1995) . Fruit yield was measured annually with a commercial harvesting crew by placing fruit in a commercial field container holding 385 kg and recording volume in boxes, the standard commercial unit of yield which when filled with fruit weighs %38.5 kg. Yield in the 1998-1999 (tree age 8 years), 1999-2000 (9 years), and 2002-2003 (12 years) seasons was measured by harvesting the entire crop on each tree and placing it on a portable packing line (Autoline ProSort II sizer; Autoline, Inc., Reedly, CA) that measured the size and calculated the weight of each fruit. It has the same cameras, fruit cups, weight sensors, software, and logic boards as commercial packing lines. Fruit from each tree were placed in a hopper and transferred in a single line to the camera for measurement. The software accumulated the number of fruit in each of the defined fruit sizes based on parameters set up by the user. Fruit size is the maximum diameter of the fruit. Fruit sizes were separated based on 3-mm increments. The packing line and software were set to divide the fruit into a maximum of 14 size categories with some overlap in all the fruit sizes. The fruit were separated into the various sizes to closely correspond to the midpoint of the overlap between official Florida Department of Citrus fruit sizes. The sizes for our study were based on the number of fruit packed into a standard commercial cardboard carton that holds %20 kg of fruit: small (48 or more fruit/carton), medium (40 and 48), large (32 and 36), and extra large (27 or fewer fruit/ carton). For Florida export fresh grapefruit, the desired sizes are 32 or 36 (Japan) and 40 or 48 (Canada).
Data analyses were according to the randomized complete block design using PROC GLM with mean separation by the least significant difference test. Some variables were examined by simple linear correlation analysis at *P # 0.05*, **0.01, or ***0.001. Three years of fruit size data (1998-1999, 1999-2000, and 2002-2003 seasons) were analyzed for differences among rootstocks for each individual packing size and the overall distributions. PROC GLM was used to compare differences among rootstocks and for each fruit size class and year using arcsine transformed percentages. Fruit size distributions/ tree were examined using PROC FREQ in each of the 3 years (Louzada et al., 2008) . Rootstock was a significant factor in each year, but rather than examining all possible pairs of distributions in each year, a representative season (2002) (2003) was selected. A few comparisons illustrating differences among rootstocks were conducted after a visual inspection of the data. The economic impact of fruit size distribution was assessed by calculating crop value or Table  2 ). The number of fruit of each size of each rootstock and year was converted to carton equivalents and multiplied by the five-season mean FOB price for a given fruit size. Because the trial fruit size data were placed into size groups rather than individual sizes, some interpolation of the price data was necessary. The income/tree or crop value was the amount summed across all fruit size groups and the three seasons. Income/tree data were subjected to an analysis of variance with mean separation by the least significant difference procedure.
Results and Discussion
Tree height and survival. After 3 years, mean tree height was 2.2 m and ranged from 1.8 to 2.5 m ( Table 1) . The relationship among rootstocks remained virtually the same as the trees aged so that after 10 years, the tallest trees were those on such rootstocks as Cleopatra mandarin and Murcott at 4.1 m. The smallest trees included those on C-35 citrange (2.9 m) and a 'Hamlin' sweet orange + Flying Dragon trifoliate orange somatic hybrid (2.2 m). Tree survival after 10 years was 90% to 100% among the trees on most rootstocks except for the 1578-173, 1573-26, 1575-21, and 1572 hybrids in which many trees succumbed to Phytophthora foot rot. Those hybrids were produced by Harry Ford (retired, Citrus Research and Education Center) for their tolerance to burrowing and citrus nematodes. Similar problems with Phytophthora were encountered in other trials (Castle and Baldwin, 2008) . The trees on Hamlin + S. disticha grew off weakly and were unthrifty in appearance.
Fruit yield. The trees began to bear a commercial crop in their second year ( Table  3 ). At that time, the mean yield was 32 kg/ tree with the trees on C-35 and Morton citranges bearing greater than 50 kg/tree. No adjustments were made for differences in tree age; thus, yield in the first years was relatively low among the trees on Benton citrange and Sun Chu Sha mandarin because they were planted 6 months later. However, their yields lagged behind for only %1 year among the trees on Benton citrange and for a longer period on Sun Chu Sha. The trees on 1578-173 and 1575-21 were planted 12 months after the trial was established, but their yields also only lagged no more than %1 year.
Annual yields increased steadily until the trees were %7 to 8 years old and then the trees on some rootstocks displayed a more evident tendency toward alternate bearing. Peak yield for the trees on most rootstocks ranged from 100 to greater than 250 kg/tree. In many years, statistically significant differences occurred only among the highest and lowest yielding trees. The trees with highest 10-year cumulative yield were those on the trifoliate orange · Milam hybrid, 1584 (1615 kg/tree), and C-35 citrange (1456 kg/tree). At the low end of the range were trees on such rootstocks as Carrizo citrange (1088 kg/tree). The differences in cumulative yield among rootstocks were on the order of 50% to 60%. Differences in yield were not fully explained by differences in tree height because their simple linear correlation coefficient was only r .05 = 0.54*. The strength of the relationship was disrupted by the higher yields of smaller trees like those on C-35 citrange.
Fruit quality. Florida grapefruit are used for the fresh market and processing. Standard quality measurements determine the value of the processed juice as well as maturity for harvesting fresh fruit (Fellers, 1990; Wardowski et al., 1995) . Mean juice contents were 63.6% and 50.6%, soluble solids concentrations 10.2 and 10.1, acid contents 1.12 and 1.16, and soluble solids-acid ratios 9.2 and 8.8 for when the trees were young (5 years old) or older (9 years), respectively ( Table 4 ). The mean data are typical for Florida grapefruit and the ranges of each variable were small with no exceptional values. However, when those data were combined with yield to calculate soluble solids in kgÁha -1 , the highest values (greater than 4000 kg) when the trees were 9 years old were generally %1.5-to threefold larger than those of the trees with the lower values.
Fruit size. Fruit size distribution data were collected when the trees were 8, 9, and 12 years old. In those years, the mean number of fruit/tree was 386, 385, and 223, respectively, a 58% difference between trees at ages 9 and 12 years (Table 5) . Those 3 years were the year when annual increases in yield stopped (8 years) and 2 years thereafter in which the trees on some rootstocks displayed a tendency to alternate bear. Trees on the highest yielding rootstocks produced greater than 450 fruit/tree (Calamandarin, Murcott, and 1584). The trees on 1584 were highly productive in each year, whereas those on many other rootstocks including Murcott and Calamandarin had substantially lower numbers of fruit/tree at age 12 years.
Rootstock and year affected the portion of fruit in each size class but without any significant interactions in the 3 years. Fruit measuring between 92 and 113 mm represented %60% of the total number of fruit/ tree (Table 5 ). Those sizes are equivalent to Florida commercial sizes 48 to 32 (number of fruit packed in a standard cardboard carton), respectively. For the trees on most rootstocks at each age, the portion of fruit size 48 and smaller was %10% to 20% except at tree age 8 years when the portion generally exceeded 30%. Crop size was not consistently related to the portion of fruit size 48 or smaller. The trees on some rootstocks like Hamlin + Flying Table 3 . Yield (kg/tree; n = 6) of 'Marsh' grapefruit trees on various rootstocks planted in Sept.1990 
Rootstock
Tree age (yrs) No data were collected at tree age 10 years. Data are sorted according to the 10-year cumulative yield. y N = 3; planted in Sept. 1991. x N = 3; planted in Mar. 1991. w Data collection was discontinued because of tree loss and generally poor growth. Data were not included in the statistical analysis. Yield is the value for all surviving trees and was determined by converting yield measured by volume to weight using 38.5 kg/box as the conversion factor.
Dragon trifoliate orange had a relatively high percentage of small fruit every year despite variability in fruit number/tree. The trees on Benton citrange had essentially the same number of fruit/tree when they were 8 and 9 years old, but 34% and 9.4% size 48 fruit in those 2 years, respectively. Those and other similar outcomes contradict the concept that fruit size distribution shifts to smaller fruit as crop size increases (Davis et al., 2004) .
Whole-tree fruit size distributions rather than individual fruit sizes were compared using PROC FREQ to determine if the trees on certain rootstocks produced crops that tended toward higher proportions of larger or smaller fruit and the approximate magnitude of the difference needed to make that distinction. The outcomes indicated that there were highly significant (P < 0.01) differences each year among rootstocks. The mean number of fruit/tree across the entire experiment varied from year to year but appeared not to be a direct factor determining fruit size distribution. The simple correlation coefficients of total number of fruit/ tree compared with the portions of individual fruit sizes were not significant. Therefore, the data of the 2002-2003 season were used for selected pairwise comparisons among rootstocks.
The trees on Hamlin + Flying Dragon trifoliate orange usually had one of the highest percentages of smaller fruit and that was most evident in the 2002-2003 season (tree age 12 years) when the portion of the most desirable 32 and 36 sizes was %20% (Fig. 1) . The fruit distribution of the trees on the somatic hybrid, Hamlin + Flying Dragon trifoliate orange, was skewed toward smaller sizes, whereas those of the trees on Cleopatra and Sun Chu Sha mandarins, Swingle citrumelo, Carrizo citrange, and others tended toward larger fruit sizes with less than 20% small fruit. The fruit distribution of the trees on Hamlin + Flying Dragon trifoliate orange rootstocks was significantly different from that of each of the latter rootstocks in the 2002-2003 season. There was no difference between the trees on Cleopatra and Sun Chu Sha mandarins, but each was different from those on Swingle citrumelo and C-35 citrange.
Fruit distributions and economic value. Mean crop value or estimated income/tree summed over three seasons when the trees were 8, 9, and 12 years old was $305 U.S. early in the season (November) when FOB prices were higher and $249 in March when the prices were more typical of the entire season (Table 6 ). Regardless of the time of year, the crop on the trees on the 1584 hybrid rootstock had the highest value and those on the somatic Hamlin + Flying Dragon trifoliate orange with their large portion of smaller fruit sizes and lower yield had the lowest crop value. Certainly the sustained high fruit number per tree and relatively high proportion of larger sized fruit contributed to the economic performance of the 1584 hybrid.
Highly significant simple correlations of number of fruit/tree and income in each of the three seasons, r = 0.80 to 0.98, suggested that yield more than fruit size distribution increased income. The Florida FOB data show that the prices received per carton increase regularly and substantially as size advances from 56 per carton up to size 32 at which point the increment in value for further increases in fruit size is smaller (Table 2) . That relationship suggests that trees yielding high proportions of fruit size 36 or larger would be ideal. However, large percentages of desirable fruit sizes do not necessarily equate to large incomes when yield is comparatively low. For example, the mean percentage of size 30 + 32 + 27 fruit was %52% for the trees on Carrizo citrange and 38% for those on 1584 rootstock, but the trees on 1584 had 76% more fruit (Table 5 ). Those differences are reflected in the mean March crop value of $354 U.S. for the trees on 1584 vs. $210 U.S. for those on Carrizo citrange (Table 6 ). Trees on other rootstocks like Norton and C-35 citranges had lower percentages of the size 27 and 36 + 32 sizes but higher yields leading to higher incomes (Table 5) .
Another aspect of fruit size distribution, rootstocks, and prices is the possible impact of seasonal price variability and fruit maturity. There are two questions: first, is there a time in a season when the price of fruit size 27 or larger is so great compared with smaller and medium-sized fruit to favor rootstocks that produce relatively high proportions of larger fruit but with relatively low yield, thus leading to higher crop value? The Florida fresh-market grapefruit season runs from approximately November through April. FOB prices vary seasonally with values being highest at the beginning of the season and Table 4 . Juice quality (n = 6) of 'Marsh' grapefruit from trees on various rootstocks planted in Sept. 1990 mid-Feb. 1996 and mid-Mar. 2000 when the trees were 5 and 9 years old, respectively. yRootstocks are ranked by soluble solids at tree age 9 years. x N = 3; planted Mar. 1991. w N = 3; planted Sept. 1991. v No fruit were sampled at tree age 9 years. SSC = soluble solids concentration; A = acid.
primarily for the largest sized fruit, which comprise only a small portion of the industry crop (Table 1 ). In the comparison of crop values (estimated income/tree) early in the season (November) when prices are higher than more typical prices (March), incomes for the trees on all rootstocks were higher in November by %15% (Table 6) . Therefore, as an example, crop value increased for the trees on Carrizo citrange, but its relative position among the rootstocks was virtually unchanged indicating early-season higher prices for large fruit did not compensate for its lower yield.
The second question is, does rootstock influence fruit maturity and, if so, should the crop value of each rootstock be determined at its optimum harvest time? Rootstock affected fruit maturity based on soluble solids-acid ratio (Table 4) . Grapefruit soluble solids:acid ratio increases approximately half a point/ week so a 1-or 2-point difference between rootstocks equates to as much as 2 to 4 weeks difference in maturity. However, fruit maturity, thus, harvesting, is determined by two regulated factors: minimum requirements for soluble solids and juice content according to fruit size (Wardowski et al., 1995) . Thereafter, fruit size becomes a major factor. Fruit of size 36 or larger are usually spot-picked at the beginning of the season, then in January, the remaining fruit are harvested. Thus, early maturity would not provide any meaningful financial advantage. Fruit prices are high only for the first few weeks of any season and do not change markedly afterward within a size class. Thus, the use of the more typical March data for comparing rootstock crop values is reasonable.
Rootstock assessments. The desired attributes of orchard systems in Florida have gradually been shifting from widely spaced, large trees to smaller sized, more closely spaced trees (Castle et al., 2010b) . Rootstock options have an important role in that shift as well as contributing to other long-standing favorable horticultural traits such as larger fruit size and higher juice quality. Using those traits combined with the estimated incomes to evaluate rootstock performance in this trial, the 1584 hybrid and Norton and C-35 citranges would provide the highest incomes at closer spacing (%800 to 1000 trees/ha). The trees on those rootstocks had among the highest income over the 3 years presented, tree height was relatively small, survival rates were high, they consistently produced good fruit sizes and juice quality, Table 5 . 'Marsh' grapefruit size distribution (n = 6) among trees on selected rootstocks planted in Sept. 1990 and growing in the Florida Indian River region. mid-Mar. 1999 , 2000 , and mid-Feb. 2003 Rootstocks are sorted by name. x The fruit sizes, 91 mm or less, 92-101 mm; 102-113 mm and 114 mm or greater are equivalent to commercial sizes of 48 or more, 48 + 40, 36 + 32 and fewer than 27 fruit, respectively, packed in the Florida industry standard carton of 0.8 bushels by volume (28 L), which holds 20 kg of fruit. w N = 3; planted Mar. 1991. and soluble solids production was relatively high. In addition, fruit shape, although not measured, tended to be more oblate (desired) with thin peel for those rootstocks as observed at harvest time. Among those rootstocks, 1584 was hybridized by Harry Ford (CREC, retired) and has yet to attract commercial attention (O'Bannon and Ford, 1977) . It is a poor seed producer. Also, juice quality was not above average in this trial, but was adequate to meet commercial standards. Thus, yield was the critical factor along with fruit size and shape. Norton citrange has been tested in a number of field trials (Castle, 1987; Wutchser, 1979 ) but also has not achieved commercial status perhaps because of mixed evaluation results. C-35 citrange was released in 1986 (Cameron and Soost, 1986) and has steadily grown in commercial interest including in Florida because of reliable performance and its tolerance to nematodes and Phytophthora (Castle et al., 2000 (Castle et al., , 2010a McCoy et al., 2004) . Juice quality among the trees on C-35 was better than for those on 1584, but yield was lower.
The trees on Calamandarin and Murcott also had high estimated incomes and shared many of the same attributes with those on other rootstocks. Their high incomes can be attributed to good yield in the middle years of the trial, but their productivity appeared to be declining after they reached 9 years old. That decline may have resulted from the inability of vigorous trees on the particular soil of the trial site to survive as long as those on less vigorous rootstocks. Also, the trees on Calamandarin and Murcott were larger and, thus, would be more suited to more widely spaced orchard designs (250 to 450 trees/ha). Calamandarin was introduced by W.P. Bitters (UC, Riverside; deceased) and has been tested elsewhere in Florida where its traits were as reported herein (Castle et al., 2010a) . Murcott is another rootstock that has been tested in field trials partly because of potential benefits from its presumed sweet orangemandarin parentage and its production of very uniform seedling populations (Castle, 1987; Castle et al., 2010a; Wutchser 1979) .
The remaining commercial rootstocks include Swingle citrumelo, the most popular commercial rootstock in Florida, one often used for grapefruit, along with Cleopatra and Sun Chu Sha mandarins and Carrizo citrange. The intermediate crop value of the trees on Swingle citrumelo was accompanied by a generally intermediate ranking of their overall horticultural performance. Those results coincide with the general grower and field trial experience with trees on Swingle citrumelo in the Indian River area recognizing that there are limitations to its use in Florida under certain site conditions Castle et al., 1988 Castle et al., , 2000 Castle et al., , 2010a Castle et al., , 2010b Youtsey and Lee, 1995) . The trees on the mandarin rootstocks, although having a reputation for producing smaller fruit (Castle, 1987; Castle et al., 1993 Castle et al., , 2006 McCollum et al., 2002) , had intermediate yields with high percentages of larger sized fruit. Those characteristics alone might justify the decades-long commercial use of Cleopatra mandarin as a rootstock for a modest proportion of Florida citrus For those three seasons, the mean fruit count/tree was 386, 385, and 223 fruit/tree and tree ages were 8, 9, and 12 years, respectively. The percentage distributions are based on measuring the entire crop on each of nine (three replicates) or 18 trees (six replicates)/rootstock (see Table 1 footnotes). Table 6 . Estimated cumulative crop value (U.S. dollars) per tree (n = 6) of 'Marsh' grapefruit grown in the Florida Indian River region on selected rootstocks when the trees were 8 (1998-1999 season), 9 (1999-2000), or 12 (2002-2003) plantings. For grapefruit, Cleopatra mandarin would not be a suitable choice for a modern orchard design primarily because of the large tree size; however, it does have a special purpose use because fruit from trees on Cleopatra mandarin usually have high soluble solids concentration and juice acidity leading to later maturity (Castle, 1987; Wutchser, 1979) . Mandarin rootstocks are used commercially to complement trees on other rootstocks to lengthen the harvest season.
In contrast to many of the rootstocks described, the trees on the somatic hybrid, Hamlin + Flying Dragon trifoliate orange, seemed to be the most promising for higher density orchards because of very small tree size, excellent juice quality, and reasonable crops for the tree size. However, they consistently produced mostly small fruit and relatively low yield leading to a low crop value.
Absent from this discussion is a direct comparison of the results to those from trees on sour orange rootstock. However, in another Florida trial with 'Marsh' grapefruit, the trees on several rootstocks including C-35 citrange had higher juice quality than those on sour orange and comparable fruit size based on the mean weight of a sample (Castle et al., 2011) .
Conclusions
There were significant differences among various standard horticultural traits of the trees and fruit of 'Marsh' grapefruit trees grown on various rootstocks in an Alfisol of the coastal Florida flatwoods. When the horticultural outcomes were combined to estimate the crop value, or income/tree, of the fruit sold in the fresh market, crop value summed for three seasons ranged from $354 U.S. to $112 U.S./tree based on March FOB prices. That range in estimated income was primarily the result of differences in yield, not differences in fruit size distribution. Some rootstocks tended to produce crops skewed toward smaller or larger fruit sizes, but those differences were not apparently sufficient to compensate for differences in yield. Based on the current grower interest in smaller sized trees, high yield, and excellent fruit quality, the most promising, highest income rootstocks were those on a new hybrid of trifoliate orange and Milam (1584) and C-35 citrange.
